arXiv:hep-th/0211006vl 1 Nov 2002 


UUITP-15/02 

|hcp-tli/ 0211006 l 


Can MAP and Planck map Planck physics? 

Lars Bergstrom , 1 and Ulf H. Danielsson , 2 

1 Department of Physics, Stockholm University, AlbaNova University Center 

S-106 91 Stockholm, Sweden 

2 Institutionen for Teoretisk Fysik, Box 803, SE-751 08 Uppsala, Sweden 

lbe@physto.se, ulf@teorfys.uu.se 


Abstract 

We investigate whether a recently proposed modulation of the power spectrum of 
primordial density fluctuations generated through transplankian (maybe stringy) ef¬ 
fects during inflation can be observed. We briefly review the mechanism leading to 
the modulation and apply it to a generic slow-roll scenario of inflation. We then 
investigate how these primordial modulation effects leave an imprint in the cosmic 
microwave background radiation. Our conclusions are that for favourable parameter 
values already the presently flying MAP satellite will have a chance to detect such 
transplanckian oscillations in the pattern of temperature fluctuations on the sky, and 
that the upcoming Planck satellite will either detect them or put stringent limits 
related to the mass scale where the new effects appear. 
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1 Introduction 


It is an intriguing possibility that effects of physics beyond the Planck scale might be 
visible on cosmological scales in the spectrum of the cosmic microwave background 
(CMBR) fluctuations. The physical mechanism that could make this possible is 
inflation. Inflation magnifies microscopic quantum fluctuations into cosmic size, and 
thereby provides seeds for structure formation. The details of physics at the highest 
energy scales is therefore reflected in the distribution of galaxies and other structures 
on large scales. 

In the standard inflationary scenario, initial conditions for the inflaton field are 
imposed in the infinite past when the modes are infinitely small. In this limit the 
effect of the inflationary horizon and the expansion of the universe can be ignored, 
the space time is essentially Minkowski, and there is a unique vacuum for the inflaton 
field. We will refer to this vacuum as the Bunch-Davies vacuum. The problem with 
this reasoning is that we are assuming that intuition based on field theory is always 
applicable and that nothing dramatic happens at the smallest length scales, when 
stringy or transplankian physics is likely to occur. Clearly this is an assumption that 
needs to be carefully scrutinized. Could there be effects of new physics that will 
change the predictions of inflation? In particular one could worry about changes in 
the predictions of the CMBR fluctuations. Several groups have investigated various 
ways of modifying high energy physics in order to look for such modifications, [1-33]. 

Without a good understanding of physics near the Planck, or string, scale, one 
can also take a purely empiricist point of view, as advocated in |27|, and simply 


encode the new physics in the choice of initial conditions when a mode of the inflaton 
has a wavelength comparable to the scale where new physics is expected. (See also 
||TT| .) Since the mode will not be infinitely small compared to the inflationary scale, 
the time dependence of the background will be important and the choice of initial 
conditions not unique. The effects on physics at lower energies will then be encoded 
in the choice of a vacuum not necessarily the same as the Bunch-Davies vacuum. 

As will be reviewed in Section the general expectation is that the effects will 
be of linear order in H/ A, where H is the Hubble constant during inflation and A 
the scale where new physics appears. Smaller corrections would suggest some kind of 
fine tuning and require knowledge of planckian physics in order to be justified. The 
Bunch-Davies vacuum is still a vacuum candidate but, contrary to the case where the 
initial conditions are imposed in the infinite past, it is not the unique choice that one 
can argue for. 

There has been extensive discussions of these results in the literature. It has 
been known since a long time that there is a family of vacua in de Sitter space that 
respects all the symmetries, the a- vacua, [0|35| |3?j @ |h| . As pointed out in [^9 


the initial condition approach to the transplanckian problem allows for a discussion 
of many of the transplanckian effects in terms of these vacua. In fact, in [|40f1 [fill ||42 


it has been pointed out that there could be tricky problems with field theories based 
on non trivial vacua of this sort. In particular loop amplitudes are not necessarily 
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well defined. But as argued in [32] (see also [33|] for a similar point if view), the real 


world is not expected to correspond to field theoretic a-vacua up to infinite energies. 
The best way to understand this is simply to view the system as an excitation above 
the Bunch-Davies vacuum. What happens above the fundamental scale we can only 
speculate about, but the hope is that the size, and as we will see even the qualitative 
form, of the corrections (if there are any) can be obtained without detailed knowledge 
of transplanckian physics. 

The fact the effects are linear in H/A is of crucial importance. If the effects 
would come in at a higher power they will not be detectable unless we invoke more 
exotic models of high energy physics involving large extra dimensions. Discussions 
of such possibilities can be found in [Q. What we will argue for here, is that rather 
conservative models based on naturally occurring scales and expectations from string 
theory give rise to effects that could be within reach. 

At this point one should note, however, that even if we focus on linear effects, 
there are nevertheless at least two different ways in which they might be detectable. 
Either through corrections to the CMBR fluctuations, or through high energy gamma 
rays. As discussed in [J43|], if one assumes that similar vacuum selection effects take 
place today as during inflation - after all the universe is still expanding - this would 
lead to the production of high energy radiation in the present universe. It is argued 
in HH that this already puts stringent limits on possible effects on the CMBR. While 


there is a certain tension between these results we believe that the extrapolation over 
many orders of magnitude from the inflationary period to the present day universe is 
sufficiently uncertain that one can not make definite statements at the present time. 
The most reasonable strategy seems to be to pursue both approaches in looking for 
detectable effects. 

To summarize, we believe that a detailed analysis of the possible effects on the 
CMBR is of great interest in view of the upcoming MAP and Planck satellites, and 
this is also the subject of the present paper. 

The organization of the paper is as follows. In Section we review the choice of 
initial conditions that we propose to investigate. In Section |3] we make some rough 
estimates of the kind of signatures that one can expect from reasonable high energy 
physics. In Section [4] we numerically analyze the corrections to the CMBR spectrum 
and discuss whether the effects can be detected by MAP or Planck. We end, finally, 
with some conclusions. 


2 Review of setup 


In this section, following |27j , we will give a typical example of the kind of corrections 
one might expect due to changes in the low energy quantum state of the inflaton field 
due to transplanckian effects. First we need to find out when to impose the initial 
conditions for a mode with a given (constant) comoving momentum k. To do this it is 
convenient to use conformal coordinates rather than the standard Robertson-Walker 
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coordinates where the inflating metric is given by 

ds 2 = dt 2 — a (t) 2 dx 2 , ( 1 ) 

with the scale factor given by a (t) = e Ht . The conformal coordinates are obtained 
by defining 77 = —jr and the metric takes the form 


ds ' 2 = J^~2 { d d 2 ~ d * 2 ) ■ 


( 2 ) 


We now note that the physical momentum p and the comoving momentum k are 
related through 


k = ap = 


P 

pH 1 


( 3 ) 


and impose the initial conditions when p — A, where A is the energy scale important 
for the new physics. This scale could be the Planck scale or the string scale. We find 
that the conformal time when the initial condition is imposed to be 


Vo = 


A 

Hk' 


( 4 ) 


As we see, different modes will be created at different times, with a smaller linear size 
of the mode (larger k) implying a later time. 

To proceed we need the equation of motion for the scalar field (ignoring the po¬ 
tential) 

$ + 3 Hj> - V 2 0 = 0, (5) 

which in terms of the conformal time 77 , and the rescaled field ft — becomes 



Pk = 0 . 


( 6 ) 


A nice discussion of the quantization of the system can be found in 
time dependent oscillators we can write 


I 11 terms of 


Pk (v) = («fc (77) + al k (77)) ( 7 ) 

Xk (77) = Pk (v) + ^Pk (v) = (a k ( 77 ) - al k ( 77 )) , 

which also can be expressed in terms of oscillators at a specific moment using the 
Bogolubov transformation 

a k (v) = u k ( 77 ) a k ( 770 ) + v k ( 77 ) a)_ k (p 0 ) ( 8 ) 

G-fc (v) = K (v) a_ fc (ho) + v* k ( 77 ) a k ( 770 ), 
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We find 


kk iv) = fk iv) a k (Vo) + ft (v) o_fc (Vo ), 


( 9 ) 


where 


fk tn) = y= (uk (v) + v t (v)) ( 10 ) 

is a solution of the mode equation ([]). The solution can be written as the linear 
combination 


where 


fk 


^k —jkri 

V2k 



Bk ikr/ 

V2k 




( 11 ) 

( 12 ) 


We are now in the position to start discussing the choice of vacuum. Without 
knowledge of the high energy physics we can only list various possibilities and inves¬ 
tigate whether there is a typical size or signature of the new effects. As an example, 
we will focus on a choice of vacuum determined by 


(’to) |0, ’to) = 0. 


(13) 


This vacuum should be viewed as a typical representative of other vacua besides the 
Bunch-Davies. It can be characterized as a vacuum corresponding to a minimum 
uncertainty in the product of the field and its conjugate momentum, |T|], the vac¬ 
uum with lowest energy (lower than the Bunch-Davies) 0 , or as the instantaneous 
Minkowski vacuum. Therefore, it is as special as the Bunch Davies vacuum and there 
is no a priori reason for planckian physics to prefer one over the other.[] 

We note that we in general have a class of different vacua depending on the 
parameter r/ q. At this initial time it follows from Eq. @ that Vk (r/o) = 0, which, 
with the help of Eq. (0) and Eq. O. will constrain Ak and Bk to obey 


Ap-2ikt)o 

B k = ^ - A k . 

2kr] 0 + i 

Note that for ijo —■► — oo one finds A k = 1 and B k = 0 which means that the Bunch- 
Davies vacuum is recovered. The reason that the new vacuum is de Sitter invariant 
has to do with the way that the initial conditions for a mode are imposed. The crucial 
point is that this is done at a fixed scale, not a fixed time, and as a consequence physics 
will actually be independent of time (up to changes in the inflationary cosmological 
constant). 

We are now in a position to calculate the expected fluctuation power spectrum: 

Tn |[3Gf it is argued, based on adiabaticity, that even if linear corrections are fine tuned away 
there will nevertheless remain corrections of order (Hj A ) 3 compared to the Bunch Davies. 
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P(k) = 


\<pk(v)\ 2 ) = 


W(v)\ 2 ) = 


H\ /, , ,,9\ (H\ 1 ,, _ l9 \ [H\ fHYf H /2A\ 

27t/ I 1 " a 13111 (Wj 
(15) 

This result should be viewed as a typical example of what to be expected from trans- 
planckian physics if we allow for effects which at low energies reduce to changes 
compared to the Bunch-Davies case. We note that the size of the correction is linear 
in H/A, and that a Hubble constant that varies during inflation give rise to a mod¬ 
ulation of the spectrum. As argued in ||27[, this is presumably a quite generic effect 
that is present regardless of the details of the transplanckian physics. (See also |30 


for a discussion about this). After being created at the fundamental scale the modes 
oscillate a number of times before they freeze. The number of oscillations depend on 
the size of the inflationary horizon and therefore changes when H changes. 


3 What to look for 


As discussed in the previous section, a Hubble constant that does not vary during 
inflation would just imply a small change in the overall amplitude of the fluctua¬ 
tion spectrum which would not constitute a useful signal. Luckily, since the Hubble 
constant is expected to vary, the situation is much more interesting.^ 

We will discuss what happens using slow roll parameters, see, e.g., J45|, where in 
particular, 

M i (V'Y , 1R , 

S = ~t Iv ' (16) 


with M p i = l/\Z8nG ~ 2 ■ 10 18 GeH as the (reduced) Planck mass. It is not difficult 
to show (using that H is to be evaluated when a given mode crosses the horizon, 
k = aH ) that 


dH _ _eE_ 

dk k ’ 


(17) 


which gives 


H ~ k~ £ . 


(18) 


The k dependence of H will translate into a modulation of P(k ), with a periodicity 
given by 


Ak 7 tH 

~k ~ 7K' 


(19) 


The overall amplitude of the CMBR spectrum (at the largest scales, still outside the 

2 In [|D the case of slow roll was also studied. For our purposes, however, a small e expansion 
around the de Sitter case is adequate. 
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causal horizon at the time of photon decoupling) is given by 

2 


H 


H y _ 

2tt) 


V 


24tt 2 M 4 e 


( 20 ) 


which is restricted through measurements according to 

v 1 / 4 

yy ~ 0.027 M pl = (3M pl . 
Using the Friedmann equation one hnds 


2 V _ (3 4 n/r , 


H z = 


3 Ml 




from which it follows that 


H 


2 _l/2 


4 ■ 10 


-4 


M p i 

We now put the scale where initial conditions are imposed to be 


which implies that 


and 


A k 
~k 


nH 


A = jMpi, 


tt/3 2 


£^M p i 


1.3-10 


-3 






( 21 ) 


( 22 ) 


(23) 


(24) 


(25) 


(26) 


A 7 

To be more specific, we will now consider a realistic example. In the Horava-Witten 
model |46|] [[47]] , unification occurs roughly at the same scale as a fifth dimension be¬ 
comes visible and also comparable to the string scale and the higher dimensional 

[24]]. As a rough esti- 


or 


Planck scale. For a discussion and references see, e.g., [|48| 

mate we therefore put A = 2 • 10 16 GeV. This is a rather reasonable possibility within 
the framework of the heterotic string and corresponds to 7 = 0.01. The Hubble con¬ 
stant during inflation can not be much larger than H = 7 ■ 10 13 GeV, corresponding 
to £ = 0.01. Using these values we find 


Ak 

~k 


~ 0.004 
= A In k ~ 1. 


This means one oscillation per logarithmic interval in k, which should be visible in 
high-precision CMBR observation experiments. In the next section we will consider 
these predictions in more detail. 
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4 Predictions for CMBR measurements 


Density perturbations generated during the inflationary phase will imprint corre¬ 
sponding temperature fluctuations in the cosmic microwave background radiation 
(CMBR). These temperature fluctuations on the sky which are gaussian due to their 
origin in oscillations of the inflation field can be characterized by their angular power 
spectrum. (For a review, see e.g. [[HJ). Expanding the temperature fluctuation in 
spherical harmonics (excluding the dipole, which is indistinguishable from effects 
caused by our motion with respect to the cosmic rest frame), 

A rp oo m=£ 

(M) = X X a imYe m (0, <j>) (27) 

£=2 m——£ 

the angular power spectrum Cf is defined by 

( 28 ) 

where the Kronecker deltas appear thanks to statistical isotropy. Since we only have 
one sky to observe, an unbiased estimator for the angular power spectrum, assuming 
full sky coverage, is given by 


C,= 


j m=£ 

X/ a £m a £m- 


2£ + l 


(29) 


m=—£ 


Well-known physics in the radiation dominated era and at the epoch near photon 
decoupling will modify the “primordial” power spectrum in momentum space P(k) 
through a transfer function to the measured angular power spectrum Cf. In particu¬ 
lar, there will be a series of “acoustic peaks”, of which the location of the first one is 
an excellent indicator of the overall geometry of the Universe. In the past few years, a 
number of balloon-borne and terrestrial experiments have mapped out an ever larger 
region in Dspace. In particular, the location of the first peak has been determined 
by the experiments BOOMERANG IfjOU , MAXIMA |5]J and DASI [|52| to give clear 
evidence for a nearly flat Universe. This has very recently been confirmed with even 
higher accuracy by Archeops ||53|, and consistency of the CMBR data with the stan¬ 
dard scenario, including the inflationary mechanism, has been further strengthened 
by the recent detection of a polarization signal by DASI |54| . The satellite experiment 


MAP [|5lJ is expected to give results soon, and a very ambitious mission, the Planck 
satellite, is being built for a scheduled launch in 2007 |56| . 


It is expected that the measurements of the angular power spectrum of the CMBR 
encoded in the measured set of Cf from satellites like Planck, although superior to all 
present measurements, at most will reach an accuracy of 10~ 2 for a particular value of 
L This is essentially set by cosmic variance, which is the fact that we only can sample 
one sky from one particular point of observation (see Eq. ^). This makes it impossible 
57j to reach a relative accuracy better than about 1/yj(2i + l)/ s k y , where /Ay is the 
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fraction of the sky covered by the experiment (which, for satellite experiments, will be 
close to unity - around 0.8 for Planck). This stochastic limitation of the attainable 
accuracy is an order of magnitude above the estimate of the transplanckian signal 
of the previous section. However, one has to take into account the fact that future 
CMBR satellites will measure thousands of independent data points corresponding 
to different £ values. 

The transplanckian effects, regardless of their precise nature, have a rather generic 
signature in form of their modulation of the spectrum. This means that these effects 
will not likely be degenerate with a change in the power spectrum caused by uncer¬ 
tainties in other parameters such as the slope of the primordial spectrum P(k) (which 
gives a nearly monotonous change with i of the angular power spectrum Cg) or the 
baryon fraction of the matter density (which also causes oscillatory behavior in the 
angular power spectrum, but with the modulation closely tied to the location of the 
acoustic peaks). If it had just been an overall shift or tilt of the amplitude it would 
not have been possible to measure the effect even if it had been considerably larger 
than the percentage level. The shift would just have gone into a changed value or 
slope of, e.g., H. With a definite signature we can use several measurement points 
throughout the spectrum, as we now discuss. We will see that Planck might be able 
to detect transplanckian effects at the 1CT 3 level, which would put the Horava-Witten 
model within range, or at least tantalizingly close. (To make a more definitive state¬ 
ment, a more careful analysis of covariance of the transplanckian signature with a 
large number of other cosmological parameters will be needed, something we leave 
for future work.) 

Let us now proceed with a somewhat more careful analysis. We see from Eq. (p 6 | ) 
that, for fixed e, it is reasonable to expect a range of values of 7 within the reach of 
Planck (or even MAP). Too large 7 and the amplitude will be too small. Too small 
7 and the period will be too long, but in an intermediate region the effects should be 
observable. 

In our result for the transplanckian power spectrum, Eq. (i !5|) 



we can for simplicity assume that the product of the first and second factors gives a 
scale-invariant spectrum, i.e., 


H 

0 


2 



= const. 


(31) 


(This assumption is not crucial, but can be arranged by a suitable choice of the in- 
flaton potential parameters defining the slow-roll phase of inflation.) We can then 
instead of the parameter pair e and 7 choose the pair £ and £ = - 77 , with H n the Hub¬ 
ble parameter evaluated when some particular scale k n leaves the horizon (in practice, 


we will choose this scale to correspond to the largest angular scales measurable in the 
CMBR). This gives 


H 

X 


= £ 



) 


with £ ~ 4 ■ 10 4jy ^, which enables us to parametrize the power spectrum in terms of 
the small parameter £ as 


P{e,t\k) 


Po{k) 



(32) 


Here Po(k) is a scale-invariant spectrum which we can use for comparison in the nu¬ 
merical work. The advantage of using £ instead of 7 is that it is a small parameter 
(£ ~ 0.004 in the Horava-Witten case) which can be safely extrapolated to zero - the 
transplanckian effects will have an unobservably small amplitude in this limit. The 
possible variation of £ is limited by the overall normalization of the observed temper¬ 
ature fluctuations, so effectively one can choose to regard the transplanckian effects 
as being a one-parameter family of modulating functions, with amplitude determined 
by the value of £. Since the parameter 7 has a simpler physical interpretation, we 
will however also use that one in the discussion of our results. 

In Fig. [I] (a) and (b) we show examples of power spectra P(k) for various values 
of 7 , (and therefore of £) for £ = 0.01 and 0.03, respectively. 


£= 0.01 £=0.03 




Figure 1: (a) The modulation of the power spectrum of primordial density fluctuations 
predicted in the transplanckian model (Eq. (|15|)) with the parameter £ = 0.01 and 
7 = 0.01 (solid line) and 7 = 0.003 (dotted line), (b) Same as in (a) but with £ = 0.03. 

To connect to observable quantities we have to compute the angular power spec¬ 
trum Ci for each set of parameters. This is a complicated task which has to be per- 
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formed numerically. Fortunately, the form of the transplanckian modulation makes 
it easy to modify existing computer codes to incorporate the effects. We will use 
the well-known crabfast code, which is publicly available j58|. As a first illustra¬ 
tion of the effects one may expect in the angular power spectrum of the CMBR, we 
show in Fig. [2| how the transplanckian effects using the Hofava-Witten parameters 
(e = 0.01, 7 = 0.01 meaning £ = 0.004) will appear, as well as a slightly lower 7 , 
0.003, (£ = 0.013) which gives a larger effect. Shown is the fractional change A Ce/Cg 
as a function of £, where we always will compare with an “unperturbed” model with 
scale-invariant power spectrum, present Hubble constant 65 km/s Mpc -1 , matter 
density parameter VIm — 0.3 of which baryons contribute 0.045 and Cold Dark Mat¬ 
ter 0.255, present cosmological constant contribution Da = 0.7, and no reionization. 
Since we only will investigate small changes around a given model, the exact choice of 
parameters for the reference model is not essential. Also, for the same reason we con¬ 
sider it safe to display the trends caused by the transplanckian modulation although 
they often are below the nominal accuracy of the crabfast program, which is around 
a percent or so. (More accurate codes will no doubt appear well in time before the 
launch of Planck.) The scale for i in Fig. |2| (a) is logarithmic to show that much 
of the modulation apparent in Fig. |T] has survived being submitted by the transfer 
function to the CMBR angular power spectrum. 

For comparison, we also show in the same Figure the changes caused by a tilt of 
the power spectrum by 0.001, and a change in the baryon density (or D^h 2 , which is 
a more relevant physical quantity) by one percent (keeping the total matter density 
unchanged). As can be seen, the effects caused by the transplanckian modulation 
are visibly very different from the other ones (we have verified that this is the case 
also for the other “standard” CMBR parameters). In Fig. |2| (b) the same results are 
shown using instead a linear scale for i. 

We now want to get a quantitative measure of the potential observability of the 
effects. The machinery of extracting cosmological parameters from the CMBR is well 
developed by now (see, e.g., 


59 


61 


Given a “true” underlying 
cosmology with a definite set of parameter values s°, i — 1,... N, the probability to 
measure a given set of Ci corresponding to fitted parameters s t , which deviate from 
the true values by 5si = Si — s°, can be computed from the likelihood function 


C = C m e 


2 X)i 7 ' FijSsiSsj 


(33) 


where the “Fisher matrix” is given by 


Fii = £ 


ac, ac, 


(ACf)' 


ds i dsj 


(34) 


Here the variance (AC^ bs ) gets a contribution both from the cosmic variance dis¬ 
cussed above and from the instrumental noise related to the angular resolution and 
sensitivity of the experiment: 
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£=o.oi 


£=o.oi 




( 


Figure 2: (a) The relative change of the CMBR angular power spectrum AC^jCt 
caused by transplanckian modulation of the primordial power spectrum with £ = 
0.01 and 7 = 0.01 (solid line) and 7 = 0.003 (dashed line). For comparison, the 
corresponding change caused by a change of the scale invariant spectrum n = 1 to a 
slightly bluer one with n = 1.001 is shown (the almost straight, monotonous dash- 
dotted line). Also shown is the effect of increasing the baryon fraction f \ by one 
percent, from 0.045 to 0.04545 (dotted line). The scale in l is logarithmic to facilitate 
comparison with the modulation of the primordial spectrum shown in Fig. |1]. The 
small irregularities of the curves is caused by numerical noise in the computations, 
(b) Same as (a), but with linear scale in l. 


where 



2 

(2 1 + 1 )/ sky 


(Ct + A) 2 , 


A t 


1 

£ c uye-W)/A 


(35) 

(36) 


The experimental quantities w c and l c depend on the frequency channel c of the 
instrument. For Planck, we will use the first three HFI channels with parameters as 
given in [60 . 

As a first reality check of the observability of the transplanckian modulation we 
assume that all other parameters are kept at the default values, and we use hypo¬ 
thetical measurements from the Planck satellite to determine with which significance 
we can say for a given value of e (which is more or less determined by the overall 
magnitude of the fluctuations on the largest, COBE, scales) that £ is different from 
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zero. In this case the likelihood function collapses to 


C/Cm = e 


4E, 


(alLY 

V AC e bs ) 


where A C\ is the deviation from the reference model caused by the modulation. For 
the Horava-Witten values of the parameters (e = 0.01, £ = 0.004) we find that in 
this (idealized) case of knowing all other parameters, the effect is right at the limit 
of being observable with the likelihood of a chance occurrence of such a modulation 
being around 17 %. For a slightly larger value of £, which can be obtained by a 
larger e and/or smaller 7 , the transplanckian modulation would be clearly visible. 
For instance, with the same value of e and 7 = 0.003, the effect would have a sig¬ 
nificance of around 10 standard deviations. Likewise, for e = 0.03 and 7 = 0.01, 
the significance is around 3 standard deviations. For the favorable case e = 0.03, 
7 = 0.003 (or £ = 0.02, still well within reasonable bounds of what one can expect 
for the unknown transplanckian physics) the significance of the modulation would 
approach 16 standard deviations. 

These estimates makes us believe that transplanckian effects, for £ values not too 
much smaller than 0 . 01 , will turn out to be observable also after a more complete 
analysis which includes a full Fisher matrix treatment of covariance of parameters. 
In fact, by inspection of Fig. Q we see that the effects for £ = 0.01 and 7 = 0.003 
(£ ~ 0.013) are visibly larger than those obtained by changing the baryon fraction by 
1 %, and the latter is definitely within reach of the Planck satellite as shown in the 
analysis of [[6(| • 


To make a first step towards a more complete analysis, we have computed the 
2 by 2 Fisher matrix obtained by letting both £ and the only other quantity which 
causes a modulation - although of a very different type as we have seen in Fig ^] - 
namely fife vary. We confirm that also in this case the one-sigma exclusion limit for £ 
is of the order of 0 . 002 . 

For the case e = 0.03, 7 = 0.003 (£ = 0.023), the effects could already start to 
be noticeable in the MAP experiment. Using the parameters listed as MAP + in [|60| , 
we obtain a calculated significance between 3 and 4 standard deviations. To judge 
whether this is observable in the real MAP experiment, a more realistic treatment 
of both the experimental sensitivity and the effects of other cosmological parameters 
would be called for. Doing the simple 2 by 2 Fisher matrix analysis again, we find 
that the effect still is visible, but with only around 2 sigma confidence. In any case, 
we find it intriguing that transplanckian effects may be at the doorstep of current 
CMBR observations. 

Thus, the CMBR may hold the clue to one of the most exciting problems of today’s 
theoretical physics, that of what happens to space-time for distances smaller than the 
string or Planck lengths. 
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5 Conclusions 


We have shown that in one of the simplest and in a sense most natural scenarios 
which encodes our ignorance about physics at or near the Planck scales, the CMBR 
appears as a very interesting source of information which may give the first glimpses 
of how Nature works at its smallest - and largest - scales. We believe that the results 
presented are very encouraging. A careful study of present and future data should be 
undertaken, looking for possible modulations. It is a new kind of “exotic” feature with 
distinct signature that should be experimentally investigated irrespective of the state 
of the theoretical discussion which has not yet reached a consensus at the present 
time. Even a negative result will put meaningful restrictions on physics near the 
string or Planck scale, and provide valuable guidance to the theoretical work. 
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